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Abstract 
The primary objective of this study is to determine the aerodynamic impact of various fuel saving devices used in a commercial vehicle 
(i.e., semi-trailer truck).  To measure the aerodynamic drag produced by the vehicle, a wind tunnel study was undertaken using a 1/10th 
scale model truck. The aerodynamic drags on the baseline vehicle including different external attachments (i.e., front faring, side skirting 
and gap filling) were measured for a range of vehicle operating speeds and yaw angles, and with different combinations. The results show 
that these external attachments (fairing and covering) have notable impact on aerodynamic drag as they can reduce up to around 26% 
aerodynamic drag over the baseline model depending on cross wind effects. The full-skirting (using the front fairing, side skirting and gap 
filling) has maximum impact whereas only front fairing has minimum impact on aerodynamic drag reduction. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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Nomenclature 
D aerodynamic drag force (N) 
A projected frontal area (m2) 
CD drag coefficient (dimensionless) 
V speed of air (m/s) 
yaw angle (degree) 
air density (kg/m3) 
1. Introduction 
Heavy commercial vehicles are considered aerodynamically inefficient compared to other ground vehicles due to their 
un-streamlined body shapes. A large commercial vehicle travelling at 100 km/h consumes about approximately 52% of the 
total fuel to provide power to overcome the aerodynamic drag [1]. In contrast, a passenger car under the same driving 
conditions, consumes approximately 4 times less to overcome drag. Generally, a heavy commercial vehicle’s annual 
mileage can vary between 130,000 km and 160,000 km. Therefore, any reduction of aerodynamic drag will result in huge 
fuel savings and reduction of greenhouse gas emission. Although a significant effort was made by researchers over the 
decade to develop various fuel saving devices for commercial vehicles [2], there are still scopes to further reduce the 
aerodynamic drag.  
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Currently most trucks are equipped with various fuel saving devices or add-ons using aerodynamic shapes in front as 
well as different parts of the truck to minimize drag. Without out changing the projected frontal area of the truck, it is 
possible to modify the shapes of the truck including the container box in a more streamlined way. These external 
attachments can minimize aerodynamic drag based on their external shapes, sizes and placements. Aerodynamic drag (D) 
depends on the size of a vehicle (projected frontal area, A), the drag coefficient (CD) which is a measure of the flow quality 
around the vehicle, and the square of the vehicle speed (V) as expressed in Eq. (1). 
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where,  is the air density. Aerodynamic drag with a semi-trailer truck typically accounts for about 75-80% of the total 
resistance to motion at 100 km/h [3]. Therefore, reducing aerodynamic drag contributes significantly to the fuel economy of 
a truck as well as the reduction of green house gas emissions [4-6]. For this reason, drag remains the focal point of vehicle 
aerodynamics. The aerodynamic effects on current designs of aerodynamic fairings (front and side) and their combinations 
were not well studied and documented. As the number of trucks have been increased significantly worldwide due to 
increased logistic transportations, it is utmost important to study the effectiveness of fuel saving devices on existing trucks 
in order to minimize aerodynamic drag.  Limited research has been undertaken in this regard. Therefore, the primary 
objective of this work is to investigate the possibilities for further reduction of aerodynamic drag using aerodynamic fairings 
with various combinations in order to increase its effectiveness. 
2. Experimental methods 
The RMIT Wind Tunnel was used to measure the aerodynamic drag on the experimental model. The maximum speed of 
the tunnel is approximately 145 km/h. Details of this tunnel can be found in [7]. In order to keep the airflow around the test 
vehicle as practical as possible, a 10% scale model of a semi-trailer truck was used. The experimental truck model was 
connected through a mounting strut (see Fig. 1) with the JR3 multi-axis load cell, also commonly known as a 6 degree of 
freedom force-torque sensor made by JR3, Inc., Woodland, USA. The sensor was used to measure all three forces (drag, lift 
and side forces) and three moments (yaw, pitch and roll) at a time. Each set of data was recorded for 10 seconds time 
average with a frequency of 20 Hz ensuring electrical interference is minimized. Multiple data sets were collected at each 
speed tested and the results were averaged for minimizing the further possible errors in the raw experimental data. 
 
 
Fig. 1. Schematic of the experimental setup. 
All three forces (drag, lift and side force) and their corresponding moments were measured. Tests were conducted at a 
range of wind speeds (40 km/h to 120 km/h with an increment of 10 km/h) under four yaw angles (0º, 5º, 10º and 15º) to 
simulate the crosswind effects. Yaw angle ( ) can be defined as the angle between the vehicle centerline and the mean 
direction of airflow experienced by the vehicle as indicated in Fig. 2. Various fuel saving devices (front and side faring) 
were designed and manufactured for attaching on the base truck model. These add-ons were 10% scale of their full-size to 
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match the scale model. Fig. 3 shows different add-ons used in this study. In this paper, only drag force (D) data and its 
dimensionless parameter drag coefficient (CD) are presented. The CD was calculated by using the following formula: 
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Fig. 2. Experimental arrangement in the test section of RMIT Wind Tunnel. 
 
Fig. 3. Different combinations of fairing on the baseline semi-trailer truck model. 
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3. Results 
The CD as a function of speed for various configurations of fairing at 0º yaw angle is presented in Fig. 4. The figure 
shows that the baseline model has almost constant CD value about 0.8. Similar results were found by Watkins et al. [8]. 
Generally, CD values for a semi-trailer truck are ranges from 0.5 to 0.9 depending on the aerodynamic design of the truck. 
The baseline model has the highest CD value whereas the model with any fairing attached has lower CD values. 
Experimental data also indicate a decrease of CD values with the increase of speed for the baseline model with any fairing 
attachment. The baseline model with the front and side fairing, and gap filled (i.e., configuration–a) as shown in Fig. 3 has 
the minimum CD value among all other configurations tested. 
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Fig. 4. Drag coefficient as a function of speed for different test configurations at  = 0º base line. 
As mentioned earlier that the base vehicle model has also been tested alone with all attachments with different 
combinations at other yaw angles (  = 5º, 10º and 15º) to study the cross wind effect. The percentage of aerodynamic drag 
decrease over the base vehicle is shown in Fig. 5 for four yaw angles (  = 0º, 5º, 10º and 15º). 
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Fig. 5. Drag increase over base vehicle in percentage as a function of yaw angle. 
The yaw angles have different effects on different combinations on the baseline model. For example, aerodynamic drag 
decreases with the increase of yaw angles for configuration a, e and f. However, the drag increases with the increase of yaw 
angle up to 5º and thereafter drag decrease with further increase of yaw angle for configurations b, c and d. Table 1 
represents the percentage reduction of average drag over the baseline on yaw angle variation from 0º to 15º. The results 
show that the about 17.6% drag decreased with the “configuration a” and about 26.1% drag reduction with “configuration -
f”.  
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                                         Table 1. Percentage reduction of drag (D) on yaw angle variation from 0º to 15º over the baseline. 
Configuration Average drag reduction 
a 17.6% 
b 25.5% 
c 18.3% 
d 20.6% 
e 24.4% 
f 26.1% 
4. Discussion 
There are two main parts of a semi-trailer truck: a tractor unit (consists of engine compartment, cabin, sleeper, fuel tanks, 
air drams and axels) and a detachable semi-trailer unit. Several gaps can be found in a semi-trailer truck. For example, gaps 
between the semi-trailer and the tractor unit. Additionally, several open spaces can be found near the lower section of the 
semi-trailer unit. Wheels are also kept uncovered. The experimental data indicated that not only by using the front fairing 
but also by covering different parts of the gaps in different portion has effect on aerodynamic drag reduction. It is clear that 
the amount of area covered by the external fairing plays important role for the reduction of drag. Results indicated that 
partial covering of the gaps can enhance the performance for drag reduction whereas full covering indicated the maximum 
drag reduction. Thus, it is possible to reduce drug as well as fuel consumption by using external attachments by covering the 
gaps and open area within the tractor and the semi-trailer unit. Fixed or detachable covering can be used to cover the open 
area on both sides of the semi-trailer near the bottom part including the wheels. However, flexible covering can be used to 
cover the gap between the tractor and the semi-trailer units as the gap can vary during turning the vehicle. 
5. Conclusions 
The aerodynamic fairings have notable impact on aerodynamic drag. The front fairing alone can reduce around 17% of 
drag. Further drag reduction up to 26% is possible using various combinations of aerodynamic fairings in different parts of 
the truck body. The baseline model with the front fairing and side covering including filling the gap between the truck and 
container box exhibits maximum drag reduction among all configurations tested. Thus, the semi-trailer truck with maximum 
amount of surface area covered can enhance the drag reduction performance. 
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